Recent results using B 0 s → J/ψφ decays for measuring the CP violating phase, φ s , and the decay width difference for the two mass eigenstates, ∆Γ s , are presented from the CDF and D0 experiments at the Fermilab Tevatron collider.
Introduction
In the Standard Model (SM) the heavy (H) and light (L) mass eigenstates in the B 0 s system are predicted to have a large decay width difference, ∆Γ s = Γ L − Γ H . For b → ccs decays, a CP-violating phase appears due to the interference in the decay with and without mixing. This CP violating phase, φ s = −2β s , is expected to be small and have a value φ s = -0.038 ± 0.002 [1, 2] . Beyond the SM physics processes can alter this phase to φ s = −2β s + φ ∆ s providing an unambiguous measurement of new physics if the measured CP violating phase is large.
Measurement using B s → J/ψ decays
The decay of B s → J/ψφ involves the decay of a pseudo-scalar into two vector mesons. In the rest frame of the B s there are three possible angular momentum states L=0,1,2. The final state is an admixture of CP even (L=0,2) and CP-odd (L=1) states so an angular analysis must be performed to disentangle the final states. For this purpose, the transversity basis [3] is used by both experiments as it gives direct access to the CP related quantities.
In the transversity basis there are 3 independent complex amplitudes A 0 , A , and A ⊥ . By measuring the angles θ, φ and ψ it is possible to disentangle the 3 final states and measure the CP eigenstates. The time dependent angular distribution is a function of various parameters:
where δ and δ ⊥ are strong phases. By fitting the time dependent angular distribution, it is possible to extract the parameters of interest. Flavor tagging the initial state is very useful in this measurement. Without flavor tagging, there is a sign ambiguity on the weak phase for a given ∆Γ s . Flavor tagging the initial state as a B s or a B s allows the removal of this ambiguity and also provides an improved measurement of the parameters φ J/ψφ s and ∆Γ s . The first measurements by D0 and CDF were made with ≈ 1 fb −1 of data [4, 5] . Both experiments performed untagged analyses and found results consistent with the SM at ∼ 1.5 σ. The D0 experiment measured |φ J/ψφ s | = 0.79 ± 0.56 (stat) +0.14 −0.01 (syst.) and ∆Γ s = 0.17 ± 0.09(stat) ± 0.02(syst.). CDF measured the probability of a deviation from the SM as large as was observed in the data at 15%.
With a larger data set of ∼ 2.8 fb 
Recent Results
Larger data sets have allowed additional parameters to be extracted from the fits and have reduced the uncertainties on the measurements. In addition, improved event selection from D0 and improved particle ID, use of a neural net, improved same side flavor tagging and potential S-wave contributions have been incorporated by CDF. Both experiments apply similar event selection based on kinematical quantities (Transverse momentum of B s , kaons and φ) and both experiments require good quality on all four tracks used to reconstruct the B s , and the four track vertex must have a minimum χ 2 value. In addition, CDF applies an additional neural net selection by combining particle ID with the kinematical variables. Figures 2 and 3 show the yields from D0 (6.1 fb −1 ) and CDF (5.2 fb −1 ). Flavor tagging has also been improved from both experiments. For opposite side tagging, both experiments use a likelihood ratio or neural net as a discriminating variable using an electron or muon from the opposite side B decay, the charge of the reconstructed opposite decay vertex and opposite tracks charge (D0).
The flavor tagging power can be characterized as ǫD 2 where ǫ is the efficiency to provide a flavor tag and D is the dilution defined as D = correct tags−wrong tags correct tags+wrong tags . Calibration of the opposite side tagging is performed using both B → µνD * ± and B → J/ψK ± decays, see Figures 4 and 5. In addition, CDF uses same sign tagging by using the sign of the charged kaon produced during fragmentation. Charged kaons are identified by using dE/dx information and the time of flight. The same sign kaon tagging was recalibrated for this measurement by using B s mixing using several different decay modes. The value of ∆m s found from the calibration is 17.79 ± 0.07(stat) fb −1 , see Figure 6 , which is consistent with the PDG [9]. The measured amplitude is used to scale the same side tagger.
The opposite side tagging power measured at D0 is 2.5%. CDF measures an opposite side tagger power of 1.2% and a same side tagging power of 3.1%. During fitting, the measured value of the dilution is included on an event-by-event basis as a tagging probability.
Possible S-wave contributions can arise due to f 0 or non-resonant K + K − production. Both of these contributions give a flat distribution under the φ mass peak. CDF has measured the S-wave contribution, finding a value of less than 6.7% for 1.009 < M K + K − < 1.028 GeV at the 95% C.L.
The lifetime distribution obtained at CDF is shown in Figure 7 . Assuming no CP violation in the B s system, CDF obtains the most precise single measurements of lifetime and decay width difference: τ s = 1.53 ± 0.025(stat) ± 0.012 (syst.) ps and ∆Γ s = 0.075 ± 0.025 (stat) ± 0.01 (syst.) ps −1 . For D0 a multidimensional fit is performed applying a Gaussian constraint on ∆m s 
Conclusion
Using 5.2 fb −1 and 6.1 fb −1 of data respectively, the CDF and D0 experiments at the Tevatron have made the most direct and precise experimental measurements on the CP violating phase φ s and the mass eigenstates width difference ∆Γ s using B s → J/ψφ decays. The latest results have significantly reduced uncertainties and are consistent with previous results. Both experiments are planning on updating their measurements using improved analysis techniques with the full data set. 
